Percutaneous tracheostomy (PT) is considered a 'state-of-the-art' technique for airway management in patients requiring prolonged ventilatory support in intensive care units, as it can be undertaken by intensive care specialists at the bedside without the need for a surgical team 1 .
In appropriately chosen patients, complications using PT are fewer than in performing standard surgical tracheostomy. Late complications, particularly tracheal stenosis, are more difficult to identify. Tracheal stenosis is very challenging to treat as no one surgical technique has been universally identified as the best treatment option 2, 3 .
The onset of tracheal stenosis is reported earlier following the percutaneous technique. In one study the average onset of stenosis following PT and surgical tracheostomy was five and 28.5 weeks respectively 4 . Infrastomal stenosis is the usual occurrence in any tracheostomy due to mucosal injury by the tip of the tracheostomy tube leading to granulation tissue formation 3, 5 . In patients undergoing PT, suprastomal stenosis is rare but may be caused by an obliquely placed tracheostomy tract, resulting in an unfavourable orientation of the tube while entering the trachea. This in turn results in the curve of the tracheal dilators and tracheostomy tube crushing the tracheal rings above the intercartilaginous incision resulting in tracheal cartilage fracture and collapse 4, 5 .
We present a case of immediate tracheal stenosis following PT, in a patient who became symptomatic on the day of decannulation. To our knowledge, such an early presentation following iatrogenic PT injury has not been previously reported in the literature. It is difficult to identify tracheal stenosis early because many patients undergoing PT are critically ill and may die or be discharged before decannulation 2 . Another reason for lack of reporting for early tracheal stenosis is the fact that symptomatic tracheal stenosis generally only results when the degree of stenosis is more than 50% of the normal tracheal lumen 2 .
The treatment of post tracheostomy tracheal stenosis has always been challenging due to late presentation or delayed diagnosis. A wide spectrum of surgical treatment techniques of varying complexity is under constant evolution. These range from dilatation of the stenotic segment in combination with balloon tracheoplasty and laser resection, to extensive procedures such as tracheoplasty using cartilage grafts and primary resection and end-to-end anastomosis 6, 7 .
In this case report we discuss a rare early presentation of suprastomal tracheal stenosis following PT and an immediate novel management using oesophageal balloon dilatation tracheoplasty which has not been described in the past. To our knowledge, this is the first reported case of immediate post percutaneous tracheostomy suprastomal stenosis treated with balloon tracheoplasty using an oesophageal balloon catheter which is readily available in most endoscopy units.
CASE HISTORY
A 62-year-old woman was admitted to the intensive care unit requiring intubation and ventilation for respiratory failure secondary to community-acquired pneumonia.
Sixteen days later a PT was carried out for prolonged ventilatory support. PT insertion was reported to be difficult due to her short and thick neck. Following a further five weeks of mechanical ventilation, the patient was weaned, decannulated and eventually discharged from the intensive care unit to the medical ward. The patient developed respiratory distress and stridor which was worse lying supine, six hours after decannulation. Flexible direct laryngoscopy was unremarkable. A high resolution computed tomography (CT) scan of the neck and chest was carried out. This revealed crush fractures of the third and fourth tracheal ring into the tracheal lumen and an oblique tracheostomy tract rather than an ideal perpendicular orientation ( Figure 1 ). The maximal diameter of the trachea was reduced to 3.2 mm in the anteroposterior diameter. The patient was anaesthetised and intubated with a size 8 endotracheal tube (ETT) for a bronchoscopy and balloon dilatation. A Bodai connector was attached to the ETT to facilitate simultaneous ventilation and instrumentation through the ETT.
A flexible bronchoscope was used to guide withdrawal of the ETT to just proximal to the stenosis. Flexible bronchoscopy showed collapse of the anterior tracheal wall at the region of the third and fourth tracheal rings resulting in localised tracheal stenosis correlating with the CT findings. There was no granulation around the collapsed cartilage segments and the mucosa was relatively uninjured. An oesophageal balloon catheter ( Figure 2 ) was introduced through the ETT and the balloon positioned across the stenotic segment under bronchoscopic guidance. The balloon was inflated to a pressure of 303 kPa for 30 seconds. The balloon was deflated and the region was inspected for bleeding and signs of tracheal injury. Balloon inflation was repeated with the same pressure for two minutes following which the balloon was deflated and removed. Further bronchoscopy following dilatation demonstrated complete reduction of the fractured cartilage rings and a widely patent lumen. The ETT was then advanced beyond the newly dilated segment. We elected to leave the ETT in situ for 24 to 48 hours as an indwelling splint to support the area. The patient was successfully weaned and decannulated after 24 days. She was discharged home two weeks later. The patient was reviewed after two months and found to have no sign or symptom of the original injury. A CT scan was performed which showed a smoothly aligned anterior tracheal wall with a normal lumen (Figure 3 ).
To date, the patient is doing well, without any respiratory compromise.
DISCUSSION
We report the first case of an early presentation of iatrogenic tracheal stenosis following PT and successful management using an oesophageal balloon as a tool for expansion tracheoplasty.
The early complications which can occur following PT are tension pneumothorax, tracheo-oesophageal fistula, paratracheal dislocation of the tracheostomy cannula, intratracheal haemorrhage and penetrating injury to the rear tracheal wall 2, 8 .
Tracheal stenosis generally manifests as a late complication as it is more difficult to identify. The symptomatic presentation can be delayed because many patients are critically ill and may die or be discharged before decannulation 2 . The onset of tracheal stenosis is significantly earlier and closer to the vocal cords following PT when compared to surgical tracheostomy 4 . The overall incidence of tracheal stenosis following PT is difficult to quantify and has been reported to be 8 to 44% by various authors; whereas symptomatic tracheal stenosis or severe tracheal stenosis, defined as more than 50% tracheal narrowing, has been reported to be 2 to 6% 2 .
Stenosis caused by surgical tracheostomy or PT is usually due to constant irritation by the tracheostomy tube of the tracheal wall resulting in granulation tissue formation. Suprastomal stenosis due to cartilage damage is the typical complication following PT and it usually occurs due to an obliquely placed pretracheal tract leading to tangential contact of tubes and dilators against the anterior tracheal wall. Using excessive force and overly large tubes and dilators may also result in the damage 4 . This iatrogenic complication occurs while carrying out the procedure and hence should be considered as one of the possible intraoperative complications. Other causes of early suprastomal stenosis are granulation tissue formation, subglottic mucosal injury and, rarely, pre-existing tracheal abnormalities such as tracheomalacia 4 .
Various investigative procedures have been used to detect tracheal stenosis: these include plain tracheal roentgenograms, tracheal tomograms, pulmonary function tests, laryngotracheoscopy and CT and magnetic resonance imaging. High resolution CT scanning is non-invasive and provides accurate information with regard to the location and extent of the stenosis: however, it is not helpful in assessing mucosal abnormalities 2, 4 .
The mainstay of investigation remains bronchoscopy which provides a comprehensive evaluation of the site, degree, nature and extent of stenosis 6 .
Cricoid and tracheal ring fractures resulting in symptomatic tracheal stenosis are complicated to treat, usually requiring resection and end-to-end anastomosis or anterior augmentation grafting using auricular or costal cartilage. Endoscopic techniques including balloon dilatation, laser ablation and stents are gaining favour but are still under evolution and open operative management remains the mainstay of treatment 6 . Endoscopic interventions have a better outcome with earlier intervention 7 . If anatomically significant iatrogenic anterior tracheal cartilage fractures are diagnosed early, prior to excessive granulation or scar tissue formation as in our case, then the overall outcome with endoscopic balloon tracheoplasty is more favourable.
Tracheoplasty using controlled radial expansion balloons is an evolving, novel concept in stenotic airway management. Balloon dilators allow the expansion force to be directed radially with even pressure across the entire stenotic segment. Otolaryngologists have used hydrostatic wireguided controlled expansion balloon dilators specifically designed for pulmonary use for the purpose of tracheoplasty 7 . In our case we used an oesophageal balloon (which is more readily available in most endoscopy units) as a tool for tracheoplasty. The hydrostatic wire-guided oesophageal balloon can impart radial expansion of up to 18 mm along longitudinal length of 5.5 cm. We suggest using 300 kPa of hydrostatic pressure which will impart 15 mm of controlled radial pressure across the stenosis.
Serious complications such as transmural disruption of the tracheo-bronchial tree, haemorrhage and lacerations have been reported following balloon dilatation. The incidence of superficial tracheal laceration has been reported as up to 50% in one of the retrospective studies but this condition is rarely significant 7 . We advise that after every balloon dilatation, the trachea should be examined for signs of injury and, post procedure, the patient should be observed for chest pain, haemoptysis and pneumomediastinum.
Tracheal stenosis following PT has been traditionally classified as a late complication; however, by virtue of the mechanism of the injury, crush fracture stenosis is an intraoperative complication. This complication can be prevented by maintaining a perpendicular orientation of tubes and dilators to the anterior tracheal wall and good patient selection with identifiable anatomical landmarks necessary for a safe procedure. Additionally this possible complication may be prevented by carrying out PT under bronchoscopic guidance and should be actively excluded by routine post procedural bronchoscopy, thereby allowing possible early endoscopic management.
